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Abstract 
Why not to apply know-how gained in asphalt milling to the mining of hard rock? In the mid 70s, this idea triggered the 
development of a new, economically efficient opencast mining method known as Surface Miner Technology. What followed was 
an unparalleled success story, and it was headed by Wirtgen as the driving force behind it right from the start.  
1980 marked the birth of the new and innovative surface mining process – Wirtgen developed a prototype based on road milling 
machines, the 3000 SM Surface Miner. Market entry was accomplished in 1983 when the first machine, a 1900 SM Surface 
Miner, was sold. In keeping with market requirements, Wirtgen continued to develop different machines for different 
applications and performance rates. 
Economically opencast mining of useful minerals is becoming increasingly difficult, because in many existing and also newly 
developed deposits the amount of useful minerals is decreasing as a result of complex geology. In rock operations, machines are 
needed for highly precise levelling work under restricted space conditions. Our patent remedy in both cases is mechanical 
exploitation by means of surface mining. This innovative technology takes account of an increasing demand for economically 
efficient and environmentally gentle solutions. As technology and market leader, Wirtgen is pressing ahead passionately with this 
method. Our know-how will enable us to successfully master all of the even more demanding challenges lying ahead. 
Cutting, crushing and loading the mining material in a single operational step is much more efficient than conventional mining 
methods. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The steadily growing demand of raw materials and the decreasing number of conventionally mineable deposits 
challenges todays mining industry. These requirements increase the demand for innovative, economic, efficient and 
environmental friendly exploitation methods. Wirtgen offers over 30 years of experience in Surface Miner 
Technology development and provides innovative solutions to the mining industry. The Surface Miner Technology 
offers a method for mechanical exploitation which is beneficial in all kind of geology. In regards to the process the 
Surface Miner provides benefit from the excavation to the processing of the material. 
2. Wirtgen – from past to present 
The company Wirtgen GmbH was founded by Reinhard Wirtgen in 1961. The initial business model was 
transporting goods by truck. Reinhard Wirtgen then quickly entered the growing market of road rehabilitation. First 
working as a contractor and utilizing purchased machines, he was not convinced on the product design and quality 
and he started to modify equipment. [5] 
The year of 1981 is an important milestone of Wirtgen, Reinhard Wirtgen decided to build his own machines and 
he turned the business into a company manufacturing equipment for road rehabilitation. The acquisition of Voegele 
in 1996 and Hamm in 2000 initiated the foundation of the WIRTGEN GROUP, Reinhard Wirtgen`s Vision to be 
able to provide all required equipment for road building and rehabilitation from one manufacturer got real. [5] 
Today, five strong and reputated brands are the foundation of the WIRTGEN GROUP solutions. More than 6.500 
employees worldwide generate a turnover of more than 2 Billion Euro per annum. [6]  
 
 
Fig. 1: Five brands of the Wirtgen Group  
When building road milling machines for hot and cold milling application, Reinhard Wirtgen was convinced, that 
this technology can as well be employed in mineral and mining environment and that Surface Miner will generate a 
new mining method. Wirtgen started in 1982 to build prototypes with technology based on the experience of road 
milling machines. This first decade with various projects in different location and material built the base of the 
experience made with this new mining method and Wirtgen needed to acknowledge, that Surface Miner application 
is different to road milling. [1] 
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Fig. 2 Milestones in Surface Miner development 
All the learnings went into the development of professional serial machines, which became reality in the second 
decade of Wirtgen’s mining history. Three machine classes were developed, which are still the base for Wirtgen`s 
current Surface Miner fleet. Wirtgen nowadays is the only manufacturer worldwide, which is able to supply the 
entire range of different Surface Miner machine models and working methods. Each model can work in direct 
loading, side cast or windrow method. [1] 
 
 
Fig. 3 Product portfolio Wirtgen Surface Miner 
3. Surface Miner Application 
Wirtgen Surface Miner are able to replace several process steps of conventional mining methods. In suitable rock 
environment, Surface Miner are able to replace Drill & Blast or Rip & Stack, Loading and – at least – the primary 
crushing circuit (see Fig. 4). [2] 
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Fig. 4 Comparison of conventional mining methods with a Surface Miner operation 
The working principle (see Fig. 5) is basically similar to a road milling machine. A rotating milling drum – 
ideally located at the machine center of gravity – is mining the rock and depending on the working method either 
leaving the mined material behind the machine, using side casting to generate large in pit stockpiles or separate ore 
and waste, or load the mined material directly to trucks. [2] 
 
 
Fig. 5: General working principle Wirtgen Surface Miner  
Solutions to connect Surface Miner to in pit conveyor belt systems are currently under investigation. In any case, 
mined material of Surface Miner can be transported by conveyor belt systems without further crushing. 
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4. Wirtgen Surface Miner – Potential gain on process 
Applying a Surface Miner in an open pit leads to a vital change of the process chain. The conventional mining 
steps of drilling & blasting or ripping & stacking and subsequently loading are replaced by a Surface Miner. 
Additionally the primary crushing circuit is eliminated. The view onto the process chains (see Fig. 6) clarifies that a 
Surface Miner is not only comparable with a conventional loading equipment, because the impact to the downstream 
process is significant. 
 
 
Fig. 6: Comparison of process chains in open pits  
By applying a Surface Miner in an open pit, the process chain is simplified. Less equipment for the excavation of 
the rock needs to be coordinated. The particle size distribution (PSD) enables a better truck utilization as well as 
introduces the chance to transport the material directly with conveyors. 
4.1. Selective mining of thin seams 
One of the key benefits of a Surface Miner is to extract the pay mineral selectively in-situ and direct load it on to 
trucks. In regards to the following process chain this means that less diluted material and therefore less waste enters 
the processing plant which results in an increased yield. 
Especially in thin seams < 2 m the application of a Surface Miner provides an improved selectivity compared to 
conventional mining methods. The Surface Miner is able to follow the interface between pay mineral to waste 
material with an accuracy of about 2.5 cm (1 inch) as can be seen in Fig. 7.  
 
 
Fig. 7 Following the separation line 
Wirtgen has developed a dedicated camera system which is mounted directly behind the milling drum (Fig. 8 (b)). 
The display in the operator cabin enables the operator to mine precise along the interface (Fig. 8 (a)). 
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Fig. 8 (a) Display showing cut surface, (b) camera positioned behind the scraper 
4.2. Automated cutting depth control 
Automation can provide additional benefits in selective mining. For example at Fortescue Metals Group (FMG) 
mines, the operators are informed online on the current cutting and design level. Therefore the current position, 
design level and cutting depth of the Surface Miner are transmitted and merged to the geological model which 
indicates where the different materials are located. This enables a predictive fleet management and a more consistent 
quality of the pay mineral. Fig. 9 illustrates the working principle. 
 
 
Fig. 9 Automated cutting depth control 
 
5. Global Operations 
Surface Miner are operating worldwide. With the experience of more than 30 years, the technology has been 
developed gradually and pilot projects are continuously making impact. Surface Miner steadily approve their 
benefits in various materials. 
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Fig. 10: Surface Miner put in application worldwide  
5.1. New Hope Group Australia – 4200 SM at New Acland Coal 
New Acland Coal operates the mine with Dozer rip and stack operations for over 12 years. Due to the downward 
pricing of coal the mine management needed to consider alternate mining processes and technologies to seek for 
improvement in mine efficiencies and cost reductions.  
The encountered geological conditions at New Acland – multiple thin coal and parting layers – are predestined 
for the operation of a Wirtgen Surface Miner. The application of a Wirtgen Surface Miner offers a reduction of 
heavy mining equipment while delivering a higher recovery of coal and less dilution. During a trial with clearly 
defined KPI the Surface Miner was able to prove itself and was purchased in January 2015. [4] 
The Wirtgen Surface Miner generated the following benefits [4] 
x Higher unit production rate – one Surface Miner is able to replace two Dozer and one Front End Loader 
x Selective Mining of each layer with reduced loss & dilution 
x Increased amount of target size material and reduced amount of fines and super fines 
x Siderite intrusions in coal are milled in normal mining operations, the resultant smaller grain size has a 
positive impact to the wash plant 
x Less health, safety and environmental impacts determined in field campaigns 
x Increased yield of coal handling and preparation plant 
 
 
Fig. 11 Results of Surface Miner Application 
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5.2. Hydro Brazil – 2500 SM at Paragominas / Bauxite Mining 
The Bauxite Mine of Hydro is located in Paragominas, Brazil, a very remote area. The former conventional 
mining sequence consisted of a large and varied fleet of equipment, with high operating costs. In Brazil high 
standards for safety and labor health have to be met while strictly controlling the consumption of fossil fuels. 
Therefore a smaller more efficient fleet needs to be accomplished. This was achieved with the Wirtgen Surface 
Miner which combines ripping, excavation, loading and levelling in one mining sequence as can be seen in Fig. 12. 
[3] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 12 2500 SM at Paragominas 
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5.3. FMG Australia – 4200 SM Iron ore mining 
Today Fortescue Metals Group (FMG) owns the largest fleet of 4200 SM worldwide. Surface Miner Technology 
is the only available method to mine the complex iron ore deposit (see Fig. 13 (a)). The Surface Miner fleet is 
operated in a wide range of rock properties, from friable to massive iron ore. 
Surface Miner Technology and professional selective mining is the only method to exploit the iron ore which 
contains many incorporated waste pockets (see Fig. 13 (b)).  
 
 
Fig. 13 (a) General mining sequence FMG; (b) 4200 SM mining iron ore 
Wirtgen has developed a number of innovative technologies to increase the value of the FMG Surface Miner 
fleet. The bolt on tool holder system HT15 for example is reducing the change out time significantly. Further the 
Wirtgen Pick Inspection system (WPI) is able to deliver the wear level of the cutting tools on demand to operator 
and pick crew as shown in Fig. 14. [1] 
 
 
Fig. 14 General working principle WPI 
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6. Phosphate Mining at OCP in Ben Guerir 
The OCP Group has exclusive access to the world’s largest phosphate resources [7] and is a leader in production 
of phosphate rock, phosphoric acid and phosphate-based fertilizers [8]. At their phosphate mines drill & blast for 
loosening overburden, phosphate and interburden are deployed. For removal of the overburden a dragline is applied. 
The phosphate and the parting are stacked with a Dozer and loaded with an excavator or front-end loader. This 
operation leads to an extensive mixing of waste material and phosphate. As result thin seams of phosphate are either 
not economically minable or heavily diluted.  
In 2013 a 9 months trial with a 2500 SM at the OCP mines in Ben Guerir and Khouribgba was initiated and 
conducted in different rock conditions (Fig. 15). During the trial the Surface Miner had proven its productivity, 
selectivity and reliability. After the successful trial the Surface Miner was purchased by OCP and is currently getting 
integrated into the mining operation at Ben Guerir. 
 
 
Fig. 15 2500 SM mining phosphate 
7. Sum up & Prospects 
Today the Surface Miner have been adopted successfully in various mining applications. The experiences from 
these applications show that Surface Miner Technology has the ability to improve the product quality by mining 
selectively. Further the deployment of the Surface Miner in a mine shows a comparable or higher production 
capacity to conventional mining equipment; the continuous process. Although the Surface Miner is primarily an 
excavation machine it generates positive effects on the complete process chain from Run-Of-Mine to final product. 
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